However, the rate of increase in the presence of K-humate was substantially higher than that recorded at its absence. The difference in the increase of nutrients uptake was the highest for P, then N and K in the presence of K-humate. This study suggests that K-humate has the potential to increase crop yield, nutrient uptake and reduce the amounts of applied chemical fertilizers in calcareous soils.
INTRODUCTION
Agriculture in Egypt is going to witness a very delicate balance between inputs and outputs of fertilizers. The demand for enough food will require substantial fertilizers inputs. But to ensure minimal leakage of fertilizers from agriculture to other ecosystems, fertilizer-use efficiency must be increased. Maize (Zea mayes L.) only consumes 22.5% of total nitrogen (N), phosphorus (P) and potassium (K) fertilizers used in Egypt (Heffer, 2013) , representing the largest fertilizer consuming crop. An alternative solution to increase fertilizer-use efficiency is by applying materials to the soil like humic substances.
Potassium humate (K-humate) is a natural material that can improve soil physical and chemical properties and nutrient dynamics (Kumar et al., 2013; Abd-All et al., 2017) . Humic acid consist on reactive functional groups with pH dependent properties, including carboxyls, phenolic, and alcoholic hydroxyls (AlvarezPuebla et al., 2005) . The effects of humic materials on plant growth are well reported in many studies (Chen and Aviad, 1990; Fagbenro and Agboda, 1993; Ihsanullah and Bakhashwain, 2013) . The enhancement in nutrient uptake due to applying humic materials was also reported in numerous studies (Chen and Aviad, 1990; David et al., 1994; Kamh and Hedia, 2018) .
Humic substances enhance membrane permeability, enzyme activities, hormonal activity in plant and water holding capacity, therefore increasing plant yield and nutrient uptake (Nardi et al. 2002; Jones et al., 2007) . Sharif et al, (2002) found substantial increases in shoot and root weight of maize by application of humic materials. Also, Nandakumar et al, (2004) found that application of K-humate in combination with N, P and K chemical fertilizers increased availability of soil nutrient at different growth stages of rice.
Relatively poor productivity of maize in calcareous soils of Egypt is linked with low nutrient availability due to high CaCO 3 content in soil and low soil organic matter. Hence this study was performed to investigate the effect of K-humate application combined with varying rates of chemical N, P and K fertilizers on yield and nutrient uptake in maize grown in calcareous soils.
MATERIALS AND METHODS

The experimental site
Field experiment was performed in a calcareous soil at Mariout Research Station, Desert Research Center, located in Northwest of Nile Delta of Egypt during 2015 and 2016 summer seasons. Soil samples were collected before conducting the experiment and analyzed for soil properties (Table 1) . Particle size distribution was conducted on soil samples using the pipette method (Page et al., 1982) . Electrical conductivity (EC) and pH and were measured in soil paste (Page et al., 1982) . Soil organic carbon was determined using the method of Walkely and Black (Page et al., 1982) . Total calcium carbonate (CaCO 3 ) was measured using calcimeter (Page et al., 1982) . Available N was extracted by 2 M KCl solution (Dahnke and Johnson, 1990 ) and available P and K were extracted by 1 M NH 4 HCO 3 in 0.005 M DTPA (Soltanpour, 1991) . Nitrogen was determined using micro-Kjeldahl, P colorimetrically using spectrophotometer and K using flamphotometer (Page et al., 1982) .
Treatments and experimental design
The experiments were arranged in a split-plot design with three replications. Main plots were assigned for Khumate as with and without application. The rate of Khumate was 15 kg ha -1 which applied at sowing. Subplots were assigned to an increasing rate of N, P and K fertilizers as 0, 25%, 50%, 75%, 100% and 125% of the recommended dose. The fertilizer recommendations for maize in this region are 285, 60 and 25 kg ha -1 N, P 2 O 5 and K 2 O, respectively. The fertilizers source were ammonium nitrate (33.5% N), single superphosphate (15% P 2 O 5 ) and Potassium sulphate (48% K 2 O).
Crop management and analysis
In both seasons, maize (Zea mayes L.) was sown during the last week of May using triple-cross hybrid 321 variety. Experiments were irrigated almost once every week. At maturity, maize was harvested and samples from grain and stover were collected. Plant samples were washed by distilled water, dried at 70 ?C for 72 hrs in a hot air oven, and then ground. The ground samples were wet digested in H 2 SO 4 -H 2 O 2 mixture (Karla, 1997) for N, P and K analysis.
Data analysis
The analysis of variance (ANOVA) was performed to determine the effects of treatments on the obtained data (Gomez and Gomez, 1984) . The difference between means at probability level of 0.05 was conducted using least significant difference test (LSD). Excel software was used for the purpose of calculations and fitting curves.
RESULTS AND DISCUSSION
Effect of K-humate on grain yield of maize
Grain yield of maize significantly increased with the increase of fertilizer rates without and with K-humate application ( Table 2 ). The highest grain yield without application of K-humate was 7650.1 kg ha -1 that recorded at 125% of chemical fertilizer application rate without K-humate application in the first season. However, 100 and 125% of the recommended rates were the best treatments in comparison with others in the second season. On the other hand, application of Khumate gave the highest significant grain yield at 100% and 125% of the recommended dose of fertilizers with value ranging from 8450.4-8525.3 kg ha -1 in the first season. Application of K-humate along with 75%, 100% and 125% of the recommended dose of fertilizers gave grain yield ranging from 8367.2-8744.6 kg ha -1 that were statistically at par and higher than the other treatments in the second season. These results agree with the results of Eyheraguibel (2004) who reported that humic substances improved the vegetation growth of maize. Furthermore, Sharif et al. (2002) conducted a pot experiment on maize and found a significant increase in shoot and root weight of maize by applying humic materials.
The increasing rate of chemical fertilizers without or with application of K-humate resulted in grain yield of maize following a second degree polynomial function (Fig. 1) . The maximum computed grain yield, without application of K-humate, was obtained by derivative analysis of the second degree equation to be 7856 kg ha -1 at about 140% of the recommended dose of fertilizers. However, in the presence of K-humate, maximum grain yield was computed to be 8747 kg ha -1 at about 103% of the recommended dose of fertilizers. The optimum yield is always lower than the maximum yield for the economical consideration. Therefore, at 95% of the maximum yield, it is predicted that optimum grain yield of 7463 kg ha -1 without application of K-humate can be obtained by applying 98% of the recommended dose of fertilizers. However, with the presence of K-humate, the optimum yield of 8310 kg ha -1 can be obtained by applying about 73% of the recommended dose of fertilizers. These findings infer that higher grain yield of maize can be achieved with saving of about 25% of fertilizers by applying K-humate.
Effect of K-humate on nutrient uptake
The highest significant N, P and K uptake by maize at both seasons was recorded by applying 125% of the recommended dose of fertilizers without and with application of K-humate (Table 2) . However, the amounts of nutrient uptake with application of Khumate were markedly higher than that recorded at its absence. That seems to be logic since plants tend to uptake nutrients when present in soil in surplus amount, but does not necessary reflected on yield (Marschner, 2011) .
The relation between chemical fertilizers rate and N, P and K uptake without and with application of Khumate are shown in Figs. (2-4) . Nutrients uptake responded linearly to the increasing rate of fertilizers. However, the increasing rate in the presence of Khumate was substantially higher than that observed at its absence. Uptake efficiency was assessed by finding the first derivation (dy/dx) of the linear equations (Table 3) . The efficiency coefficients for N, P and K uptake without application of K-humate were 195.43, 21.7 and 96.01, respectively. These values were increased to 149.35, 30.88 and 105.83 , respectively in the presence of K-humate. The differences in the increase of uptake from high to low were for P uptake (46.6%), N uptake (27.6%) and then K uptake (10.2%). The enhancement of nutrient uptake in the presence of K-humate could be due to its positive effect on membrane permeability of plants (Zientara, 1983) . This is due to the presence of hydrophilic and hydrophobic sites that enhance surface activity (Chen and Schnitzer 1978) . Therefore, the humic substances interact with structures of the cell membranes and react as nutrient carrier. Furthermore, root volume increases with humic substances application which considers an important factor in nutrient uptake (Canellas et al., 2002; Eyheraguibel, 2004) . The highest increase in nutrients uptake in the present study was for P. This might be due to that humic acid helped in solubilizing P from insoluble to soluble form resulting in its increase. In fact, a large portion of P in calcareous soils is present in unavailable form to plants. The major mechanism involved in such soil is the increase in P availability, as reported by Delgado et al. (2002) and Satisha and Devarajan (2005) , due to the interference with calcium phosphate. CONCLUSIONS Application of K-humate to maize grown in a calcareous soil induced positive effects on yield and nutrient uptake. In the presence of K-humate, the optimum grain yield of maize can be obtained by applying only 73% of the recommended dose of chemical fertilizers. Plant uptake of N, P and K substantially increased as well. The differences in the increase of nutrients uptake from high to low were for P, N and K uptake. In conclusion, application of Khumate can lessen the need of chemical fertilizers by about 25% and subsequently reduce environmental pollution and cost of production.
